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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to work
vehicles, such as excavators and backhoes, and, more
particularly, to systems and methods for automatically
performing an earthmoving operation with a work vehicle
according to predetermined earthmoving styles.

BACKGROUND OF THE INVENTION

[0002] A wide variety of work vehicles, such as exca-
vators, loaders, shovels, bull-dozers, and/or the like,
have been developed for performing various tasks of
earthmoving operations, such as carrying loads, moving
earth, digging, dumping, and/or the like, at a worksite.
These work vehicles have implements, such as buckets,
claws, and/or the like of varying sizes, which are selected
based on the site and task requirements. A machine op-
erator may control the operation of the work vehicle to
perform the various worksite tasks. However, such tasks
are often repetitive and time-consuming, which causes
operator fatigue and high operating costs. As such, it is
desirable to automate as much of the repetitive tasks as
possible.
[0003] Examples of automated work vehicles are dis-
closed in US2005131610A1, US2008097672A1,
JP2019157362A. The two-part-form of the independent
claims is based on the document DE10028606A1.
[0004] Current automated work vehicles perform many
of the repetitive tasks based on applied forces and effi-
ciency calculations. However, such automated vehicles
are not capable of automatically performing all of the var-
iations of such repetitive tasks that an operator would
otherwise perform depending on the worksite require-
ments.
[0005] Accordingly, an improved system and method
for automatically excavating a worksite would be wel-
comed in the technology.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be
set forth in part in the following description, or may be
obvious from the description, or may be learned through
practice of the invention.
[0007] In one aspect, the present subject matter is di-
rected to a system for automatically performing an earth-
moving operation according to claim 1.
[0008] In another aspect, the present subject matter is
directed to a method for automatically performing an
earthmoving operation with a work vehicle, according to
claim 5.
[0009] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following description and ap-
pended claims. The accompanying drawings, which are

incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present in-
vention, including the best mode thereof, directed to one
of ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures, in which:

FIG. 1 illustrates a illustrates a side view of one em-
bodiment of a work vehicle in accordance with as-
pects of the present subject matter;
FIG. 2 illustrates a schematic view of a system for
automatically performing an earthmoving operation
in accordance with aspects of the present subject
matter;
FIG. 3A illustrates a section view of a worksite in
accordance with aspects of the present subject mat-
ter, particularly illustrating the worksite as a layer-
centric implement-fill preset style is performed by a
work vehicle;
FIG. 3B illustrates a section view of a worksite in
accordance with aspects of the present subject mat-
ter, particularly illustrating the worksite as a depth-
centric implement-fill preset style is performed by a
work vehicle;
FIG. 4A illustrates a section view of a worksite in
accordance with aspects of the present subject mat-
ter, particularly illustrating the worksite as a spill-cen-
tric earth-breaking preset style is performed by a
work vehicle;
FIG. 4B illustrates a section view of a worksite in
accordance with aspects of the present subject mat-
ter, particularly illustrating the worksite as a layer-
centric earth-breaking preset style is performed by
a work vehicle; and
FIG. 5 illustrates a method for automatically perform-
ing an earthmoving operation in accordance with as-
pects of the present subject matter.

[0011] Repeat use of reference characters in the
present specification and drawings is intended to repre-
sent the same or analogous features or elements of the
present technology.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Reference now will be made in detail to embod-
iments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those skilled
in the art that various modifications and variations can
be made in the present invention without departing from
the scope of the invention as claimed in the appended
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set of claims.
[0013] In general, the present subject matter is directed
to systems and methods for automatically performing an
earthmoving operation. Specifically, in several embodi-
ments, the disclosed system includes a work vehicle hav-
ing an articulable implement, such as a bucket or claw,
that is movable over a full stroke length for each position
of the work vehicle. The implement is controlled by a
controller to automatically perform an earthmoving oper-
ation according to a preset (predetermined) style select-
ed from a plurality of preset styles by an operator of the
work vehicle. Each of the plurality of preset styles is as-
sociated with a pattern for filling and emptying the imple-
ment. Particularly, the plurality of preset styles may in-
clude implement-fill styles and earth-breaking styles.
When the implement performs earthmoving operations
using implement-fill styles, the implement is controlled to
remove one implement load of worksite materials at a
time either across successive depth layers or down to a
desired grade at successive positions along the stroke
length. When the implement performs earthmoving op-
erations using earth-breaking styles, the implement is
controlled to collect worksite materials across a given
portion of the stroke length before being unloaded, with
the implement being filled before or at the end of the
given portion of the stroke length. Additionally, in some
embodiments, the disclosed system may include a vi-
sion-based sensor which is used to monitor the filling and
emptying of the implement according to such preset
styles. Further, such vision-based sensor may be used
to monitor the progress of the earthmoving operations.
[0014] Referring now to drawings, FIG. 1 illustrates a
perspective view of one embodiment of a work vehicle
10. As shown, the work vehicle 10 is configured as an
excavator. However, in other embodiments, the work ve-
hicle 10 may be configured as any other suitable work
vehicle, such as a loaders, shovels, bull-dozers, and/or
the like.
[0015] As shown in FIG. 1, the work vehicle 10 includes
a frame or chassis 14 coupled to and supported by a pair
of tracks 16 for movement across a worksite. However,
in other embodiments, the chassis 14 may be supported
in any other way, for example by wheels, a combination
of wheels and tracks, or a fixed platform. In some em-
bodiments, an operator’s cab 18 may be supported by a
portion of the chassis 14 and may house a user interface
60 (FIG. 2) comprising various input devices for permit-
ting an operator to control the operation of one or more
components of the work vehicle 10. However, it should
be appreciated that, in some embodiments, one or more
components of the user interface 60 may be positioned
remotely from the work vehicle 10. Additionally, the work
vehicle 10 includes an implement 20 articulable relative
to the chassis 14 for performing earth moving operations
within a worksite. The chassis 14 may, in some embod-
iments, be configured such that the operator’s cab 18
and/or the articulable implement 20 is rotatable about a
chassis axis 14A.

[0016] More particularly, the implement 20 is part of a
linkage assembly 22 comprising a boom arm 24 and a
dipper arm 26. The boom arm 24 extends between a first
end 24A and a second end 24B. Similarly, the dipper arm
26 extends between first end 26A and a second end 26B.
The first end 24A of the boom arm 24 is pivotably coupled
to the chassis 14 about a first pivot axis 28, and the sec-
ond end 24B of the boom arm 24 is pivotably coupled to
the first end 26A of the dipper arm 26 about a second
pivot axis 30. Further, the implement 20 is pivotably cou-
pled to the second end 26B of the dipper arm 26 about
a third pivot axis 32. The implement 20, in one embodi-
ment, is configured as a bucket having a cavity 20A and
a plurality of teeth 20B, where the teeth 20B help to break
up worksite materials for collection within the cavity 20A.
However, in other embodiments, the implement 20 may
be configured as any other suitable ground engaging tool,
such as a claw, and/or the like.
[0017] The linkage assembly 22 further includes a plu-
rality of actuators for articulating components 20, 24, 26
of the linkage assembly 22. For instance, a first actuator
34A is coupled between the boom arm 24 and the chassis
14 for pivoting the boom arm 24 relative to the chassis
14. Similarly, a second actuator 34B is coupled between
the boom arm 24 and the dipper arm 26 for pivoting the
dipper arm 26 relative to the boom arm 24. Further, a
third actuator 34C is coupled between the dipper arm 26
and the implement 20 (hereafter referred to as "bucket
20" for the sake of simplicity and without intent to limit)
for pivoting the bucket 20 relative to the dipper arm 26.
In one embodiment, the actuators 34A, 34B, 34C are
configured as hydraulic cylinders. However, it should be
appreciated that the actuators 34A, 34B, 34C may be
configured as any other suitable actuators or combination
of actuators. By selectively pivoting the components 24,
24, 26 of the linkage assembly 22, the bucket 20 may
perform various earthmoving operations within a work-
site. In particular, the bucket 20 may be actuatable over
a stroke length 260, where the stroke length 260 gener-
ally extends from adjacent the tracks 16 to where the
bucket 20 is fully extended away from the cab 18. As will
be described below in greater detail, the actuators 34A,
34B, 34C of the work vehicle 10 may be controlled by a
controller of the disclosed system to automatically per-
form one or more tasks of an earthmoving operation for
a worksite. For instance, the actuators 34A, 34B, 34C of
the work vehicle 10 may be used to determine the current
fill of the bucket 20 (e.g., based on the force(s) of the
actuator(s) used to actuate the bucket 20) and/or the po-
sition of the bucket 20 along the stroke length 260 and/or
relative to the desired profile of the worksite.
[0018] It should be appreciated that the position of the
bucket 20 along the stroke length 260 and/or relative to
the desired profile of the worksite may be determined in
any other suitable way. For instance, one or more position
sensors (not shown) may be positioned on one or more
components of the work vehicle 10 for determining and/or
monitoring the position of the bucket 20. For example,
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the position sensor(s) may comprise accelerometer(s),
gyroscope(s), inertial measurement unit(s) (IMU(s)), ro-
tational sensor(s), proximity sensor(s), a combination of
such sensors, and/or the like.
[0019] Still referring to FIG. 1, in accordance with as-
pects of the present invention, the work vehicle 10 may
further include one or more vision-based sensors 36 con-
figured to generate data indicative of the bucket 20 and/or
the worksite. For instance, the vision-based sensor(s) 36
may be positioned such that a field of view 36A of each
vision-based sensor 36 is directable towards the bucket
20 and/or the worksite. For example, the vision-based
sensor(s) 36 may be supported on the operator’s cab 18,
the bucket 20, and/or the arm(s) 24, 26. In some embod-
iments, the vision-based sensor(s) 36 may be movable
relative to the respective portion of the work vehicle 14
on which it is supported (e.g., the cab 18, the bucket 20,
and/or arms 24, 26). More specifically, in embodiments
where the vision-based sensor(s) 36 is configured to gen-
erate data indicative of the bucket 20, the vision-based
sensor(s) 36 may generate data indicative of a volume
of the cavity 26A of the bucket 20, the filled volume of
the cavity 26A of the bucket 20, and/or wear on one or
more of the teeth 26B of the bucket 20. Similarly, in em-
bodiments where the vision-based sensor(s) 36 is con-
figured to generate data indicative of the worksite, the
vision-based sensor(s) 36 may generate data indicative
of the contour of the worksite. The vision-based sensor(s)
36 may be configured as any suitable device or combi-
nation of devices for generating such data, such as a
camera(s), a radio detection and ranging (RADAR) sen-
sor(s), and/or a light detection and ranging (LIDAR) de-
vice. Such data may be used to control the operation of
the bucket 20 and/or monitor the performance of the
bucket 20 during an earth moving operation, as will be
described in greater detail below.
[0020] It should be appreciated that the configuration
of the work vehicle 10 described above and shown in
FIG. 1 is provided only to place the present subject matter
in an exemplary field of use. Thus, it should be appreci-
ated that the present subject matter may be readily adapt-
able to any manner of work vehicle configuration. For
example, in an alternative embodiment, the work vehicle
10 may further include any other tools, implements,
and/or components appropriate for use with a work ve-
hicle 10.
[0021] Referring now to FIG. 2, a schematic view of
one embodiment of a system 200 for automatically per-
forming an earthmoving operation is illustrated in accord-
ance with aspects of the present subject matter. In gen-
eral, the system 200 will be described herein with refer-
ence to the work vehicle 10 described above with refer-
ence to FIG. 1. However, it should be appreciated by
those of ordinary skill in the art that the disclosed system
200 may generally be utilized with work vehicles having
any suitable vehicle configuration. Additionally, it should
be appreciated that, for purposes of illustration, commu-
nicative links or electrical couplings of the system 200

shown in FIG. 2 are indicated by dashed lines.
[0022] In several embodiments, the system 200 may
include a controller 202 and various other components
configured to be communicatively coupled to and/or con-
trolled by the controller 202, such as a user interface
(e.g., user interface 60) having one or more input devices,
and/or various components of the work vehicle 10 (e.g.,
actuator(s) 34A, 34B, 34C). The user interface 60 de-
scribed herein may include, without limitation, any com-
bination of input and/or output devices that allow an op-
erator to provide operator inputs to the controller 202
and/or that allow the controller 202 to provide feedback
to the operator, such as a keyboard, keypad, pointing
device, buttons, knobs, touch sensitive screen, mobile
device, audio input device, audio output device, and/or
the like. Additionally, in some embodiments, the control-
ler 202 may be communicatively coupled to the vision-
based sensors 36.
[0023] In general, the controller 202 may correspond
to any suitable processor-based device(s), such as a
computing device or any combination of computing de-
vices. Thus, as shown in FIG. 2, the controller 202 may
generally include one or more processor(s) 204 and as-
sociated memory devices 206 configured to perform a
variety of computerimplemented functions (e.g., perform-
ing the methods, steps, algorithms, calculations and the
like disclosed herein). As used herein, the term "proces-
sor" refers not only to integrated circuits referred to in the
art as being included in a computer, but also refers to a
controller, a microcontroller, a microcomputer, a pro-
grammable logic controller (PLC), an application specific
integrated circuit, and other programmable circuits. Ad-
ditionally, the memory 206 may generally comprise mem-
ory element(s) including, but not limited to, computer
readable medium (e.g., random access memory (RAM)),
computer readable non-volatile medium (e.g., a flash
memory), a floppy disk, a compact disc-read only mem-
ory (CD-ROM), a magneto-optical disk (MOD), a digital
versatile disc (DVD) and/or other suitable memory ele-
ments. Such memory 206 may generally be configured
to store information accessible to the processor(s) 204,
including data 208 that can be retrieved, manipulated,
created and/or stored by the processor(s) 204 and in-
structions 210 that can be executed by the processor(s)
204.
[0024] It should be appreciated that the controller 202
may correspond to an existing controller for the work ve-
hicle 10 or may correspond to a separate processing de-
vice. For instance, in one embodiment, the controller 202
may form all or part of a separate plug-in module that
may be installed in operative association with the work
vehicle 10 to allow for the disclosed system and method
to be implemented without requiring additional software
to be uploaded onto existing control devices of the work
vehicle 10.
[0025] In several embodiments, the data 208 may be
stored in one or more databases. For example, the mem-
ory 206 may include a worksite parameters database 212
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for storing parameters of the worksite received from an
operator and/or from the vision-based sensor(s) 36. For
instance, the operator may be configured to input data
indicative of the location of the worksite relative to the
work vehicle 10 (such as by moving the articulable im-
plement 20 to a starting point of the worksite, inputting a
starting coordinate via the user interface 60, or otherwise
indicating the location of the worksite). Further, data in-
dicative of the current grade of the worksite may be re-
ceived from the operator (e.g., by uploading a 3D map
previously generated for the current worksite grade via
the user interface 60) and/or from the vision-based sen-
sor(s) 36. For instance, the sensor(s) 36 may be config-
ured to continuously or periodically capture data associ-
ated with a portion of the worksite, such as immediately
before or at the start of the performance of an earthmov-
ing operation, which may be used as an indicator of the
initial grade of the worksite. It should be appreciated that,
as used herein, the data received from the sensor(s) 36
may include any suitable type of data that allows for the
worksite to be analyzed, including images, image-related
data (e.g., scan data and/or the like), RADAR data,
LIDAR data, and/or any other suitable data. Additionally,
data indicative of a desired grade of the worksite (e.g.,
trench dimensions and/or a 3D map generated for the
desired worksite grade) may be received from the oper-
ator via the user interface 60. However, the data indica-
tive of the desired grade of the worksite may be received
from any other source, such as a database. The term
worksite data 212 may include any suitable data trans-
mitted to the controller 202 from the operator, the sen-
sor(s) 36, and/or any other suitable source and stored
within the worksite parameter database 212 for subse-
quent processing and/or analysis.
[0026] Similarly, the memory 206 may include an im-
plement parameters database 214 for storing implement
parameters of the implement(s) received from the oper-
ator and/or from the vision-based sensor(s) 36. For in-
stance, the operator may be configured to input data in-
dicative of the volume of the implement(s) (e.g., the di-
mensions of bucket 20 and/or a model of the bucket 20),
the wear on the tool attachment(s) (e.g., wear on the
teeth 26B of the bucket 20), and/or a stroke length of the
tool attachment (e.g., stroke length 260 of bucket 20).
Alternatively, or additionally, the vision-based sensor(s)
36 may be configured to generate data indicative of such
parameters. It should be appreciated that the data re-
ceived from the sensor(s) 36 may include any suitable
type of data that allows for the implement parameters to
be determined, including images, image-related data
(e.g., scan data and/or the like), RADAR data, LIDAR
data and/or other suitable data. The term implement data
214 may include any suitable type of data transmitted to
and stored within the implement parameters database
212 for subsequent processing and/or analysis.
[0027] Additionally, the memory 206 may include a pre-
set styles database 216 for storing preset styles for per-
forming earthmoving operations within the worksite. In

general, the preset styles indicate the priorities of an op-
erator for performing an earthmoving operation that al-
lows the automatic earthmoving operation to more close-
ly simulate a manual earthmoving operation. For in-
stance, the preset styles may indicate an implement-di-
rection priority, an implement-emptying priority, and/or
an implement-filling priority for performing the earthmov-
ing operation. For example, the implement-direction pri-
ority may indicate that it is desirable to prioritize removing
worksite materials down to the desired grade or across
an entire layer along the stroke length 260. When the
implement-direction priority is across the stroke length
260, the implement-emptying priority may indicate
whether it desirable to empty the bucket 20 each time
the bucket 20 is filled to a predetermined fill amount or
to work a designated portion of the stroke length 260
before emptying the bucket 20. If the implement-empty-
ing priority indicates that a portion of the stroke length
must be worked before emptying the bucket 20, the im-
plement-filling priority indicates whether the bucket
should be filled at or before the end of the designated
portion of the stroke length.
[0028] Referring to FIGS. 3A-4B, example embodi-
ments of preset styles for performing earthmoving oper-
ations within a worksite are illustrated in accordance with
aspects of the present subject matter. In particular, FIG.
3A illustrates a worksite as a layer-centric implement-fill
style is being used to perform an earthmoving operation
within a worksite. Similarly, FIG. 3B illustrates a worksite
as a depth-centric implement-fill style is being used to
perform an earthmoving operation within a worksite. Fur-
ther, FIG. 4A illustrates a worksite as a spill-centric earth-
breaking style is being used to perform an earthmoving
operation within a worksite. Additionally, FIG. 4B illus-
trates a worksite as a layer-centric earth-breaking style
is being used to perform an earthmoving operation within
a worksite.
[0029] As shown in FIGS. 3A and 3B, the bucket 20
may be controlled to provide respective implement-fill
styles for performing earthmoving operations at a work-
site. More particularly, the worksite 250 may have a target
profile 252 disposed at a target depth 254 below the initial
worksite surface 256. The target profile 252 and the target
depth 254 may be predetermined from a 3D model of the
worksite stored within or uploaded to the controller 202
indicating the desired contours of the worksite. The buck-
et 20 may be articulable over at least a portion of the
stroke length (e.g., stroke length 260) while performing
the respective implement-fill style to reach the desired
target depth 254 for the worksite. During such implement-
fill styles, the implement-emptying priority is to empty the
bucket 20 each time the bucket 20 is filled to a predeter-
mined fill amount or level. The predetermined fill amount
may be selected by an operator (e.g., via the user inter-
face 60) or may otherwise be selected and stored within
the preset styles database 216.
[0030] In one embodiment, the implement-fill style cor-
responds to a layer-centric implement-fill style in which
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the implement-direction priority is to remove site materi-
als along the stroke length at a first depth before removing
site materials at a deeper depth. For example, as shown
in FIG. 3A, the bucket 20 may collect materials across
the stroke length 260 starting from an initial stroke posi-
tion 264(1) at a first depth 258A until the bucket 20 is
filled to the predetermined fill amount (e.g., when the
bucket 20 reaches a second stroke position 264(2)). The
bucket 20 may then be emptied (e.g., at a dump location)
and returned to its previous position (e.g., the second
stroke position 264(2)). The bucket 20 may subsequently
collect materials across the stroke length 260 starting
from the second stroke position 264(2) at the first depth
258A until the bucket 20 is again filled to the predeter-
mined fill amount (e.g., when the bucket 20 reaches a
third stroke position 264(3)). The bucket 20 is again emp-
tied and returned to the previous position (e.g., the third
stroke position 264(3)). This process of collecting mate-
rials across the stroke length 260 at the first depth 258A
is repeated until the worksite materials have been re-
moved across the entire first depth 258A along the stroke
length 260 for the current position of the work vehicle 10.
The bucket 20 may then be controlled to remove mate-
rials one bucket at a time in the same manner along the
stroke length 260 at a next depth relative to the initial
worksite surface 256 (e.g., depth 258B).
[0031] In another embodiment, the implement-fill pat-
tern corresponds to a depth-centric implement-fill style
in which the implement-direction priority is to remove site
materials down to the target depth along one section of
the stroke length before removing site materials along
another section of the stroke length. For example, as
shown in FIG. 3B, the bucket 20 may first collect materials
starting from an initial stroke position 264(1)’ at the first
depth 258A until the bucket 20 is filled to the predeter-
mined fill amount (e.g., when the bucket 20 reaches the
second stroke position 264(2)’) as done in FIG. 3A. The
bucket 20 may then be emptied (e.g., at a dump location).
However, unlike the layer-centric implement-fill style of
FIG. 3A, the bucket 20 is then controlled to remove work-
site materials starting again from the first stroke position
264(1)’, now at the second depth 258B, until the bucket
20 is again filled to the predetermined fill amount (e.g.,
when the bucket 20 reaches the second stroke position
264(2)’ at the second depth 258B) and emptied. This
process of collecting materials along one section of the
stroke length 260 at increasing depths is repeated until
the worksite materials have been removed down to the
target depth 252. The bucket 20 may then be controlled
to remove materials one bucket at a time in the same
manner down to the target depth 252 along an adjacent
section of the stroke length (e.g., a section starting at the
second stroke position 264(2)’ at the first depth 258A).
[0032] It should be appreciated that the depth(s)
(258A, 258B, 258C) at which the bucket 20 performs such
implement-fill styles may, in one embodiment, corre-
spond to a depth of the bucket 20. However, the depth(s)
(258A, 258B, 258C) at which the bucket 20 performs such

implement-fill styles may correspond to any other suita-
ble depth. For instance, the depth(s) 258A, 258B, 258C
may be selected by an operator via the user interface 60.
[0033] As shown in FIGS. 4A and 4B, the implement-
direction priority is to remove site materials along the
stroke length, however, unlike the layer-centric imple-
ment-fill style of FIG. 3A, the implement-emptying priority
is to empty the bucket 20 only after the bucket 20 works
an entire designated portion of the stroke length 260,
which helps to break up or remove compacted top layers
of the site. Thus, subsequent earthmoving operations
may be performed with considerably less force.
[0034] In one embodiment, the earth-breaking style
corresponds to a spill-over earth-breaking style in which
the implement-filling priority is to fill the implement before
the end of the designated portion of the stroke length.
For example, as shown in FIG. 4A, the bucket 20 may
collect materials at the first depth 266A across a portion
of the stroke length 260 between an initial stroke position
268(1) and a second stroke position 268(2). In the em-
bodiment shown, the portion of the stroke length 260 tra-
versed between the initial and second stroke positions
268(1), 268(2) corresponds to an entirety of the stroke
length 260. However, in other embodiments, the portion
of the stroke length 260 may cover less than the entire
stroke length 260. The first depth 266A may be selected
such that the bucket 20 is filled before the bucket 20
reaches the second stroke position 268(2) (e.g., when
the bucket reaches an intermediate stroke position
268(in)). In one embodiment, the first depth 266A may
be selected by an operator or may be predetermined by
the controller 202 based on at least one of the portion of
the stroke length 260 or the capacity of the cavity 26A.
As such, worksite materials flow around the filled bucket
20 (as indicated with a dashed line) as the bucket 20
moves between the intermediate stroke position 268(in)
and the second stroke position 268(2).
[0035] In another embodiment, the earth-breaking
style corresponds to a layer-centric earth-breaking style
in which the implement-filling priority is to fill the imple-
ment to the predetermined fill amount or level when the
implement reaches the end of the designated portion of
the stroke length. For example, as shown in FIG. 4B, the
bucket 20 may collect materials at the second depth 266B
across a portion of the stroke length 260 between an
initial stroke position 268(1)’ and a second stroke position
268(2)’. Again, the portion of the stroke length 260 be-
tween the initial and second stroke positions 268(1)’,
268(2)’ essentially corresponds to the entire stroke length
260 of the bucket 20. However, the portion of the stroke
length 260 between the initial and second stroke posi-
tions 268(1)’, 268(2)’ may correspond to less than the
entire stroke length 260. The second depth 266B may
be selected such that the bucket 20 is filled to the pre-
determined fill amount when the bucket 20 reaches the
second stroke position 268(2)’. The second depth 266B
may be selected by the operator via the user interface
60 or may be predetermined by the controller 202 based
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on the portion of the stroke length 260 and the capacity
of the cavity 26A. The bucket 20 may be emptied after
reaching the second stroke position 268(2)’. By filling the
bucket 20 at the end of the stroke length 260, the bucket
20 may remove the entire top layer across the designated
portion of the stroke length 260.
[0036] It should be appreciated that, when the bucket
20 begins to encroach upon the end of the stroke length
260 closest to the tracks 16 (FIG. 1) during any of the
above disclosed styles, the bucket 20 is directed along
a safety path 270. The safety path 270 is designed such
that the bucket 20 does not contact the tracks 16 (FIG.
1) or any other portion of the work vehicle 10 (e.g., cab
18) when reaching the end of the stroke length 260 clos-
est to the tracks 16. In some embodiments, the safety
path 270 may be the same for each depth layer (e.g.,
depths 258A, 258B, 258C) as shown. However, in other
embodiments, the safety path 270 may be different for
each depth layer (e.g., depths 258A, 258B, 258C). For
example, the safety path 270 may begin earlier along the
stroke length 260 and/or may be steeper for deeper
depths.
[0037] Referring back to FIG. 2, in some embodiments,
the instructions 210 stored within the memory 206 of the
controller 202 may be executed by the processor(s) 204
to implement a control module 220. The control module
220 may generally be configured to control the work ve-
hicle 10 to perform an automatic earthmoving operation
based on the selected one of the preset earthmoving
styles stored in the preset styles database 216. The con-
trol module 220 may more particularly be configured to
control the operation of one or more components of the
work vehicle 14, such as by controlling the operation of
one or more of the actuators 34A, 34B, 34C to control
the implement 20 based on the selected preset earth-
moving style. For instance, the control module 220 may
monitor one or more of the fill of the bucket, the position
of the implement 20 along the stroke length (or designat-
ed portion of the stroke length), and the position of the
implement 20 relative to the desired grade of the worksite
(e.g., based on data from at least one of the vision-based
sensor(s) or the actuators 34A, 34B, 34C) to control the
implement 20 based on the selected preset earthmoving
style.
[0038] Additionally, the instructions 210 stored within
the memory 206 of the controller 202 may be executed
by the processor(s) 204 to implement a performance
module 222. In general, the performance module 222
may be configured to assess the worksite data 212 and
the implement data 214 deriving from the sensor(s) 36
to determine a performance of the implement 20 in per-
forming the automatic earthmoving operation. For in-
stance, as indicative above, in one embodiment, data
may be captured corresponding to the current grade of
the worksite. In such embodiment, the performance mod-
ule 222 may be configured to compare the current grade
of the worksite to the desired or expected grade of the
worksite to determine a percentage completion, for ex-

ample, to assess the performance of the implement 20.
Similarly, in one embodiment, data may be captured cor-
responding to the wear on the implement (e.g., on the
teeth 20B). In such embodiment, the performance mod-
ule 222 may be configured to compare the wear on the
implement to a threshold wear to assess the efficiency
of the implement in performing the earthmoving opera-
tion.
[0039] Moreover, as shown in FIG. 2, the controller 202
may also include a communications interface 224 to pro-
vide a means for the controller 202 to communicate with
any of the various other system components described
herein. For instance, one or more communicative links
or interfaces (e.g., one or more data buses) may be pro-
vided between the communications interface 224 and
the user interface 60 to allow operator inputs to be re-
ceived by the controller 202 and/or to allow the controller
202 to control the operation of one or more components
of the user interface 60 to present one or more ground
engaging styles and/or one or more indicators of the
progress of the earthmoving operation to the operator.
Similarly, one or more communicative links or interfaces
(e.g., one or more data buses) may be provided between
the communications interface 224 and the sensor(s) 36
to allow data transmitted from the sensor(s) 36 to be re-
ceived by the controller 202. Additionally, one or more
communicative links or interfaces (e.g., one or more data
buses) may be provided between the communications
interface 224 and the machine actuator(s) 34A, 34B, 34C
for allowing the controller 202 to control the operation of
one or more operations of the actuator(s) 34A, 34B, 34C.
[0040] Referring now to FIG. 5, a flow diagram of one
embodiment of a method 300 for automatically perform-
ing an earthmoving operation is illustrated in accordance
with aspects of the present subject matter. In general,
the method 300 will be described herein with reference
to the work vehicle 10 shown in FIG. 1, as well as the
various system components of the system 200 shown in
FIG. 2. However, it should be appreciated that the dis-
closed method 300 may be implemented with work ve-
hicles having any other suitable configurations, and/or
within systems having any other suitable system config-
uration. In addition, although FIG. 5 depicts steps per-
formed in a particular order for purposes of illustration
and discussion, the method steps discussed herein are
not limited to any particular order or arrangement. One
skilled in the art, using the disclosures provided herein,
will appreciate that various steps of the methods dis-
closed herein can be omitted, rearranged, combined,
and/or adapted in various ways without deviating from
the scope of the present disclosure.
[0041] As shown in FIG. 5, at (302), the method 300
may include receiving an operator input via a user inter-
face associated with performing an earthmoving opera-
tion with an implement of a work vehicle according to one
of a plurality of earthmoving styles. For example, the con-
troller 202 may receive an input from an operator of the
work vehicle 10 via a user interface (e.g., user interface
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60) selecting one of the plurality of preset earthmoving
styles for performing an earthmoving operation stored in
the preset styles database 216 of the memory 206. For
instance, as described above, the operator may select
one of a layer-centric implement-fill preset style, a depth-
centric implement-fill preset style, a spill-centric earth-
breaking preset style, or a layer-centric earth-breaking
preset style.
[0042] Additionally, at (304), the method 300 may in-
clude controlling the operation of the work vehicle to per-
form the earthmoving operation with the implement within
the worksite based at least in part on the one of the plu-
rality of earthmoving styles. For instance, as indicated
above, the controller 202 may be configured to control
the actuator(s) 34A, 34B, 34C associated with the imple-
ment (e.g., bucket 20) to perform an earthmoving oper-
ation according to the selected one of the plurality of pre-
set earthmoving styles to create a desired profile of the
worksite.
[0043] It is to be understood that the steps of the meth-
od 300 are performed by the controller 202 upon loading
and executing software code or instructions which are
tangibly stored on a tangible computer readable medium,
such as on a magnetic medium, e.g., a computer hard
drive, an optical medium, e.g., an optical disk, solid-state
memory, e.g., flash memory, or other storage media
known in the art. Thus, any of the functionality performed
by the controller 202 described herein, such as the meth-
od 300, is implemented in software code or instructions
which are tangibly stored on a tangible computer reada-
ble medium. The controller 202 loads the software code
or instructions via a direct interface with the computer
readable medium or via a wired and/or wireless network.
Upon loading and executing such software code or in-
structions by the controller 202, the controller 202 may
perform any of the functionality of the controller 202 de-
scribed herein, including any steps of the method 300
described herein.
[0044] The term "software code" or "code" used herein
refers to any instructions or set of instructions that influ-
ence the operation of a computer or controller. They may
exist in a computer-executable form, such as machine
code, which is the set of instructions and data directly
executed by a computer’s central processing unit or by
a controller, a human-understandable form, such as
source code, which may be compiled in order to be ex-
ecuted by a computer’s central processing unit or by a
controller, or an intermediate form, such as object code,
which is produced by a compiler. As used herein, the
term "software code" or "code" also includes any human-
understandable computer instructions or set of instruc-
tions, e.g., a script, that may be executed on the fly with
the aid of an interpreter executed by a computer’s central
processing unit or by a controller.

Claims

1. A system (200) for automatically performing an
earthmoving operation, comprising a work vehicle
(10) having an implement (20), the implement (20)
being articulable by the work vehicle (10) over a
stroke length (260), the system (200) further com-
prising a user interface (60), the system (200)
comprising :

a controller (202) communicatively coupled to
the user interface (60), the controller (202) being
configured to:

receive an operator input via the user inter-
face (60) associated with performing an
earthmoving operation with the implement
(20) of the work vehicle (10) according to
one of a plurality of predetermined earth-
moving styles; and
control the operation of the work vehicle (10)
to perform the earthmoving operation with
the implement (20) based at least in part on
the one of the plurality of predetermined
earthmoving styles, the system being char-
acterised in that

each of the plurality of predetermined earthmov-
ing styles is associated with a pattern for filling
and emptying the implement; and in that the
one of the plurality of predetermined earthmov-
ing styles comprises an implement-fill style as-
sociated with emptying the implement (20) each
time the implement (20) reaches a predeter-
mined fill amount.

2. The system (200) as in claim 1, wherein the imple-
ment-fill style comprises a layer-centric implement-
fill style during which the controller (202) is config-
ured to control the operation of the implement (20)
to remove a first layer (258A) of worksite materials
extending to a depth along the stroke length (260)
before removing a second layer (258B) of worksite
materials positioned below the first layer (258A) of
worksite materials, with the implement (20) reaching
the predetermined fill amount at least once before
removing the first layer (258A) of the worksite mate-
rials along the stroke length (260).

3. The system (200) as in claim 1, wherein the imple-
ment-fill style comprises a depth-centric implement-
fill style during which the controller (202) is config-
ured to control the operation of the implement (20)
to remove worksite materials down to a target depth
(254) along a given section (264(2)’) of the stroke
length (260) before removing worksite materials
along another section of the stroke length (260), with
the implement (20) reaching the predetermined fill
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amount at least once before removing the worksite
materials down to the target depth (254).

4. The system (200) as in any preceding claim, wherein
each of the plurality of earthmoving styles is stored
within a memory (206) of the controller (202).

5. A method for automatically performing an earthmov-
ing operation with a work vehicle (10), the work ve-
hicle (10) having an implement (20) that is articulable
over a stroke length (260), the method comprising :

receiving, with a controller (202), an operator
input via a user interface (60) associated with
performing an earthmoving operation with the
implement (20) of the work vehicle (10) accord-
ing to one of a plurality of predetermined earth-
moving styles; and
controlling, with the controller (202), the opera-
tion of the work vehicle (10) to perform the earth-
moving operation with the implement (20) based
at least in part on the one of the plurality of earth-
moving styles,
the system being characterised in that
each of the plurality of predetermined earthmov-
ing styles is associated with a pattern for filling
and emptying the implement; and in that the
one of the plurality of predetermined earthmov-
ing styles comprises an implement-fill style as-
sociated with emptying the implement (20) each
time the implement (20) reaches a predeter-
mined fill amount.

6. The method as in claim 5, wherein the implement-
fill style comprises a layer-centric implement-fill style
during which controlling the operation of the work
vehicle (10) to perform the earthmoving operation
comprises controlling the operation of the work ve-
hicle (10) to remove a first layer (258A) of worksite
materials extending to a depth along the stroke
length (260) before removing a second layer (258B)
of worksite materials positioned below the first layer
(258A) of worksite materials, with the implement (20)
reaching the predetermined fill amount at least once
before removing the first layer (258A) of the worksite
materials along the stroke length (260).

7. The method as in claim 5, wherein the implement-
fill style comprises a depth-centric implement-fill
style during which controlling the operation of the
work vehicle (10) to perform the earthmoving oper-
ation comprises controlling the operation of the work
vehicle (10) to remove worksite materials down to a
target depth (254) along a given section (264(2)’) of
the stroke length (260) before removing worksite ma-
terials along another section of the stroke length
(260), with the implement (20) reaching the prede-
termined fill amount at least once before removing

the worksite materials down to the target depth (254).

Patentansprüche

1. System (200) zur automatischen Durchführung ei-
nes Erdbewegungsvorgangs, aufweisend ein Ar-
beitsfahrzeug (10) mit einem Arbeitsgerät (20), wo-
bei das Arbeitsgerät (20) durch das Arbeitsfahrzeug
(10) über eine Hublänge (260) gelenkbewegbar ist,
wobei das System (200) weiterhin eine Benutzer-
schnittstelle (60) aufweist, wobei das System (200)
umfasst:
eine Steuerung (202), die mit der Benutzerschnitt-
stelle (60) in Kommunikationsverbindung steht, wo-
bei die Steuerung (202) zu Folgendem eingerichtet
ist:

Erhalten einer Bediener-Eingabe über die Be-
nutzerschnittstelle (60), die der Durchführung
eines Erdbewegungsvorgangs mit dem Arbeits-
gerät (20) des Arbeitsfahrzeugs (10) gemäß ei-
nem aus einer Mehrzahl von vorbestimmten
Erdbewegungs-Modi zugeordnet ist; und
Steuern des Betriebs des Arbeitsfahrzeugs (10),
um den Erdbewegungsvorgang mit dem Ar-
beitsgerät (20) zumindest teilweise auf Basis
des einen aus der Mehrzahl von vorbestimmten
Erdbewegungs-Modi durchzuführen,
wobei das System dadurch gekennzeichnet
ist, dass
jeder aus der Mehrzahl von vorbestimmten Erd-
bewegungs-Modi einem Muster zum Befüllen
und Entleeren des Arbeitsgeräts zugeordnet ist;
und der eine aus der Mehrzahl von vorbestimm-
ten Erdbewegungs-Modi einen Arbeitsgerät-
Füllmodus umfasst, der der Entleerung des Ar-
beitsgeräts (20) immer dann zugeordnet ist,
wenn das Arbeitsgerät (20) eine vorbestimmte
Füllmenge erreicht.

2. System (200) nach Anspruch 1, wobei der Arbeits-
gerät-Füllmodus einen schicht-orientierten Arbeits-
gerät-Füllmodus aufweist, bei dem die Steuerung
(202) dazu eingerichtet ist, den Betrieb des Arbeits-
geräts (20) zu steuern, um eine erste Schicht (258A)
von Baustellenmaterial zu entfernen, das sich bis zu
einer Tiefe entlang der Hublänge (260) erstreckt, be-
vor eine zweite Schicht (258B) von Baustellenmate-
rial entfernt wird, die sich unter der ersten Schicht
(258A) von Baustellenmaterial befindet, wobei das
Arbeitsgerät (20) die vorbestimmte Füllmenge zu-
mindest einmal erreicht, bevor die erste Schicht
(258A) des Baustellenmaterials entlang der Hublän-
ge (260) entfernt wird.

3. System (200) nach Anspruch 1, wobei der Arbeits-
gerät-Füllmodus einen tiefenorientierten Arbeitsge-
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rät-Füllmodus aufweist, bei dem die Steuerung (202)
dazu eingerichtet ist, den Betrieb des Arbeitsgeräts
(20) zu steuern, um Baustellenmaterial bis zu einer
Soll-Tiefe (254) hinunter entlang eines bestimmten
Abschnitts (264(2)’) der Hublänge (260) zu entfer-
nen, bevor Baustellenmaterial entlang eines weite-
ren Abschnitts der Hublänge (260) entfernt wird, wo-
bei das Arbeitsgerät (20) die vorbestimmte Füllmen-
ge mindestens einmal erreicht, bevor das Baustel-
lenmaterial bis zur Soll-Tiefe (254) hinunter entfernt
wird.

4. System (200) nach einem der vorhergehenden An-
sprüche, wobei jeder aus der Mehrzahl von Erdbe-
wegungs-Modi in einer Speichereinrichtung (206)
der Steuerung (202) gespeichert ist.

5. Verfahren zur automatischen Durchführung eines
Erdbewegungsvorgangs mit einem Arbeitsfahrzeug
(10), wobei das Arbeitsfahrzeug (10) ein Arbeitsge-
rät (20) umfasst, das über eine Hublänge (260) ge-
lenkbeweglich ist, wobei das Verfahren die folgen-
den Schritte umfasst:

Erhalten, mit einer Steuerung (202), einer Be-
diener-Eingabe über eine Benutzerschnittstelle
(60), die der Durchführung eines Erdbewe-
gungsvorgangs mit dem Arbeitsgerät (20) des
Arbeitsfahrzeugs (10) gemäß einem aus einer
Mehrzahl von vorbestimmten Erdbewegungs-
Modi zugeordnet ist; und
Steuern, mit der Steuerung (202), des Betriebs
des Arbeitsfahrzeugs (10), um den Erdbewe-
gungsvorgang mit dem Arbeitsgerät (20) zumin-
dest teilweise auf Basis des einen aus der Mehr-
zahl von Erdbewegungs-Modi durchzuführen,
wobei das Verfahren dadurch gekennzeichnet
ist, dass
jeder aus der Mehrzahl von vorbestimmten Erd-
bewegungs-Modi einem Muster zum Befüllen
und Entleeren des Arbeitsgeräts zugeordnet ist;
und der eine aus der Mehrzahl von vorbestimm-
ten Erdbewegungs-Modi einen Arbeitsgerät-
Füllmodus umfasst, der der Entleerung des Ar-
beitsgeräts (20) immer dann zugeordnet wird,
wenn das Arbeitsgerät (20) eine vorbestimmte
Füllmenge erreicht.

6. Verfahren nach Anspruch 5, wobei der Arbeitsgerät-
Füllmodus einen schichtorientieren Arbeitsgerät-
Füllmodus umfasst, bei dem das Steuern des Be-
triebs des Arbeitsfahrzeugs (10), um den Erdbewe-
gungsvorgang durchzuführen, das Steuern des Be-
triebs des Arbeitsfahrzeugs (10) umfasst, um eine
erste Schicht (258A) von Baustellenmaterial zu ent-
fernen, die sich bis zu einer Tiefe entlang der Hub-
länge (260) erstreckt, bevor eine zweite Schicht
(258B) von Baustellenmaterial entfernt wird, die sich

unter der ersten Schicht (258A) von Baustellenma-
terial befindet, wobei das Arbeitsgerät (20) die vor-
bestimmte Füllmenge zumindest einmal erreicht, be-
vor die erste Schicht (258A) des Baustellenmaterials
entlang der Hublänge (260) entfernt wird.

7. Verfahren nach Anspruch 5, wobei der Arbeitsgerät-
Füllmodus einen tiefenorientierten Arbeitsgerät-
Füllmodus umfasst, bei dem das Steuern des Be-
triebs des Arbeitsfahrzeugs (10), um den Erdbewe-
gungsvorgang durchzuführen, das Steuern des Be-
triebs des Arbeitsfahrzeugs (10) umfasst, um Bau-
stellenmaterial bis zu einer Soll-Tiefe (254) hinunter
entlang eines bestimmten Abschnitts (264(2)’) der
Hublänge (260) zu entfernen, bevor Baustellenma-
terial entlang eines weiteren Abschnitts der Hublän-
ge (260) entfernt wird, wobei das Arbeitsgerät (20)
die vorbestimmte Füllmenge mindestens einmal er-
reicht, bevor das Baustellenmaterial bis zur Soll-Tie-
fe (254) hinunter entfernt wird.

Revendications

1. Un système (200) pour effectuer automatiquement
une opération de terrassement, comprenant un vé-
hicule de travail (10) équipé d’un outil (20), l’outil (20)
pouvant être articulé par le véhicule de travail (10)
sur une longueur de course (260), le système (200)
comprenant en outre une interface utilisateur (60),
le système (200) comprenant :
un contrôleur (202) couplé de manière communica-
tive à l’interface utilisateur (60), le contrôleur (202)
étant configuré pour :

recevoir une saisie de l’opérateur via l’interface
utilisateur (60) combinée à l’exécution d’une
opération de terrassement avec l’outil (20) du
véhicule de travail (10) selon l’un d’une pluralité
de styles de terrassement prédéterminés ;
contrôler le fonctionnement du véhicule de tra-
vail (10) pour effectuer l’opération de terrasse-
ment avec l’outil (20) sur la base au moins en
partie de l’un d’une pluralité de styles de terras-
sement prédéterminés,
le système étant caractérisé en ce que chacun
de la pluralité de styles de terrassement prédé-
terminés est associé à un modèle pour remplir
et vider l’outil ; et en ce que l’un de la pluralité
de styles de terrassement prédéterminés com-
prend un style de remplissage d’outil associé à
la vidange de l’outil (20) chaque fois que l’outil
(20) atteint une quantité de remplissage prédé-
terminée.

2. Le système (200) selon la revendication 1, dans le-
quel le style de remplissage d’outil comprend un sty-
le de remplissage d’outil axé sur la couche pendant
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lequel le contrôleur (202) est configuré pour contrôler
le fonctionnement de l’outil (20) afin de retirer une
première couche (258A) de matériaux de chantier
s’étendant jusqu’à une profondeur le long de la lon-
gueur de course (260) avant de retirer une seconde
couche (258B) de matériaux de chantier positionnée
en dessous de la première couche (258A) de maté-
riaux de chantier, l’outil (20) atteignant la quantité de
remplissage prédéterminée au moins une fois avant
le retrait de la première couche (258A) de matériaux
de chantier le long de la longueur de course (260).

3. Le système (200) selon la revendication 1, dans le-
quel le style de remplissage d’outil comprend un sty-
le de remplissage d’outil axé sur la profondeur pen-
dant lequel le contrôleur (202) est configuré pour
contrôler le fonctionnement de l’outil (20) afin de re-
tirer les matériaux de chantier jusqu’à une profon-
deur cible (254) le long d’une section donnée
(264(2)’) de la longueur de course (260) avant de
retirer les matériaux de chantier le long d’une autre
section de la longueur de course (260), l’outil (20)
atteignant la quantité de remplissage prédéterminée
au moins une fois avant de retirer les matériaux de
chantier jusqu’à la profondeur cible (254).

4. Le système (200) selon l’une quelconque des reven-
dications précédentes, dans lequel chacun de la plu-
ralité de styles de terrassement est stocké dans une
mémoire (206) du contrôleur (202).

5. Un procédé pour effectuer automatiquement une
opération de terrassement avec un véhicule de tra-
vail (10), le véhicule de travail (10) étant équipé d’un
outil (20) qui peut être articulé sur une longueur de
course (260), le procédé comprenant :

la réception, avec un contrôleur (202), d’un opé-
rateur via l’interface utilisateur (60) combinée à
l’exécution d’une opération de terrassement
avec l’outil (20) du véhicule de travail (10) selon
l’un d’une pluralité de styles de terrassement
prédéterminés ;
le contrôle, avec le contrôleur (202), du fonction-
nement du véhicule de travail (10) pour effectuer
l’opération de terrassement avec l’outil (20) sur
la base au moins en partie de l’un de la pluralité
de styles de terrassement,
le système étant caractérisé en ce que chacun
de la pluralité de styles de terrassement prédé-
terminés est associé à un modèle pour remplir
et vider l’outil ; et en ce que l’un de la pluralité
de styles de terrassement prédéterminés com-
prend un style de remplissage d’outil associé à
la vidange de l’outil (20) chaque fois que l’outil
(20) atteint une quantité de remplissage prédé-
terminée.

6. Le procédé selon la revendication 5, dans lequel le
style de remplissage d’outil comprend un style de
remplissage d’outil axé sur la couche au cours du-
quel le contrôle du fonctionnement du véhicule de
travail (10) pour effectuer l’opération de terrasse-
ment comprend le contrôle du fonctionnement du
véhicule de travail (10) afin de retirer une première
couche (258A) de matériaux de chantier s’étendant
jusqu’à une profondeur le long de la longueur de
course (260) avant de retirer une seconde couche
(258B) de matériaux de chantier positionnée en des-
sous de la première couche (258A) de matériaux de
chantier, l’outil (20) atteignant la quantité de remplis-
sage prédéterminée au moins une fois avant le retrait
de la première couche (258A) de matériaux de chan-
tier le long de la longueur de course (260).

7. Le procédé selon la revendication 5, dans lequel le
style de remplissage d’outil comprend un style de
remplissage d’outil axé sur la profondeur au cours
duquel le contrôle du fonctionnement du véhicule de
travail (10) pour effectuer l’opération de terrasse-
ment comprend le contrôle du fonctionnement du
véhicule de travail (10) afin de retirer les matériaux
de chantier jusqu’à une profondeur cible (254) le long
d’une section donnée (264(2)’) de la longueur de
course (260) avant de retirer les matériaux de chan-
tier le long d’une autre section de la longueur de
course (260), l’outil (20) atteignant la quantité de
remplissage prédéterminée au moins une fois avant
de retirer les matériaux de chantier jusqu’à la pro-
fondeur cible (254).
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